ABSTRACT -Activation of the trigemino-cervical system constitutes one of the first steps in the genesis of migraine. The objective of this study was to confirm the presence of trigemino-cervical convergence mechanisms and to establish whether such mechanisms may also be of inhibitory origin. We describe a case of a 39-years-old woman suffering from episodic migraine who showed a significant improvement in her frontal headache during migraine attacks if the greater occipital nerve territory was massaged after the appearance of static mechanical allodynia (cortical sensitization). We review trigemino-cervical convergence and diffuse nociceptive inhibitory control (DNIC) mechanisms and suggest that the convergence mechanisms are not only excitatory but also inhibitory.
Migraine is a recurring neurologic disorder with a high prevalence and is characterized by headache and autonomic and somatosensory symptoms. Appropriate treatment for this disorder reduces the impact of the disease on the sufferer, thereby increasing the quality of life. Three levels of therapy are used: prophylactic, pre-emptive and abortive. For abortive (acute) treatment, pharmacological strategies and/or alternative measures are used. Among the alternative techniques, those that stand out are manipulation of the suboccipital region (greater occipital nerve) using acupuncture or electrical stimulation. Stimulation of the greater occipital nerve in the treatment of headaches has been recommended for a number of years 1 . Recent studies have shown that the use of electronic devices implanted subcutaneously at the base of the skull near where the greater occipital nerve emerges is effective in headache control 2 . By surgically or percutaneously implanting a single electrode or dual electrodes in the subcutaneous tissue, a mild feeling of paresthesia can be produced in this region, with subsequent blockage of the pain sensation. This procedure is recommended in the control of pain syndromes such as migraine, chronic daily headache, cervicogenic headache and neuropathic pain caused by deafferentation 3 . Stimulation of the greater occipital nerve (GoN) is known to control headaches that originate in the trigeminal nerve territory. A possible explanation for this can be found in the trigeminocervical convergence (TCC) mechanisms. Electrophysiological studies have shown that there is an overlap between the trigeminal and cervical nociceptive systems. The duration and intensity of the stimulus required to induce convergence mechanisms, the neurons involved in this process, and diagnostic and therapeutic techniques that prove the presence of these mechanisms have been described in various studies (Tables 1 and 2) . one of the possible mechanisms by which stimulation of the greater occipital nerve produces pain control is through the ability of this stimulus to produce diffuse nociceptive inhibitory control (DNIC). DNIC has been described as one of the most important mechanisms for the control of acute pain. It promotes nociceptive inhibition of neurons located inside the trigeminal dorsal horn (trigeminal nucleus caudalis) following an intense pain stimulus in this region. This pain stimulus promotes local nociceptive inhibition, a phenomenon that is known as counter irritation 4 . We describe a migraine sufferer who showed a significant, transitory improvement in her pain following mechanical stimulation of the greater occipital nerve ipsilateral to the migraine. The findings described in this case report reinforce the existence of trigemino-cervical convergence mechanisms and the influence of DNIC on this process. In this study, we review trigemino-cervical convergence and DNIC mechanisms.
CASE
A 39-year-old woman physical education teacher, who has suffered from episodic migraine without aura for seven years, with an average of one crisis per month; crises triggered by intense physical exertion or menstrual periods. The headaches start with a stabbing pain that lasts 3 seconds, followed by a heavy sensation in the frontal region associated with nausea. The discomfort in this region (2 points on the visual Analog Pain Scale) (vAS=2) evolves slowly until it becomes intolerable after 120 minutes (vAS=10). At this stage, it is a unilateral throbbing headache, which worsens with the slightest physical effort. At the end of four hours, the patient reports a sensation of pain above the upper right molar (where she had root canal treatment 10 years ago), which worsens with minor pressure (closing the jaws tightly) (Fig 1) . The autonomic symptoms accelerate within 120 minutes, and the patient experiences incapacitating vomiting. The patient reported that she massages the right greater occipital nerve territory to reduce the pain. Five seconds after starting to massage the area, the pain decreases from vAS 10 to vAS 6, and the pain sensation above the right molar disappears. Ten seconds after stopping the massage ipsilateral to the pain, the pain symptoms reappear (vAS 6 to 10), as does the allodynia above the right molar. The patient did not report tenderness sensation around the GoN region during migraine attacks. In few attacks nausea and vomiting occurs. headache history starts twelve years ago. Pharmacological treatment, which consists of a mixture of diluted dipyrone and metroclopramide administered intravenously, induces sleep, with pain and autonomic symptoms (nausea and vomiting) disappearing completely approximately five hours later. The patient chose not to undergo prophylactic treatment. Skull tomography and magnetic resonance imaging of the brain and cervical spine (column) are normal. The patient has a family history (mother and sister) of migraine without aura. The patient provided written informed consent, as reprovided written informed consent, as required by appropriate local (and national) committees on the protection of research subjects.
DISCUSSION
We describe the case report of a patient suffering from migraine without aura preceded by primary stabbing headache who, during the evolution of the clinical picture, presented with signs and symptoms suggestive of cortical hypersensitization characterized by static mechanical allodynia. Diffuse nociceptive inhibition was triggered by massaging over the greater occipital nerve. The features of this case characterize inhibitory trigemino-cervical convergence mechanisms.
Stimuli on the trigeminal nociceptors producing clinical trigeminal and cervical responses, and vice versa, characterize trigemino-cervical convergence mechanisms (Fig 2) . These mechanisms can be inhibitory or excitatory: inhibitory mechanisms are related to diffuse nociceptive inhibitory control, and excitatory mechanisms are observed in cases of migraine or cervicogenic headache or other myofascial syndromes (Table 1 and 2). our daily observations in clinical practice suggest that the relationship between the intensity of the stimulus and the type of inhibitory or excitatory clinical response in trigemino-cervical convergence mechanisms is not fully understood, and indeed there is much controversy regarding this in the literature. The underlying disease and nociceptive tonus the patient presents while the convergence mechanisms are in action may influence the direction in which this response is targeted. For example, migraineurs can benefit from the pain relief afforded by electrical stimulation of the GoN. In contrast, stimulation of the GoN during asymptomatic periods can induce migraine attacks. As previously mentioned, these data suggest that trigemino-cervical convergence in migraine can be involved in inhibiting, inducing or potentializing pain (Tables 1 and  2 ). Recently Afridi et al have suggested that tenderness around the region of the GoN was significantly associated with a positive response to the anesthetic injection. This suggests that tenderness may be useful in selecting out patients who are more likely to respond 5 . Diffuse noxious inhibitory control may be defined as the inhibition of nociceptive neurons in the spinal and trigeminal dorsal horns produced by a noxious stimulus applied to any body region remote from the neuron's excitatory receptive field 6 .
The anatomical and neurophysiological basis of DNIC has been studied in detail in experimental and clinical models 7, 8 . The effect of DNIC has been proved in studies of the trigeminal nociceptive system (i.e. blink reflex and trigeminal-mediated reflex) 9 . DNIC is mediated by a loop established by the spino-bulbospinal circuit, producing a post-synaptic inhibitory system 6 that acts directly on the wide-dynamic-range neurons 10 (Fig 3) . The inhibitory control produced by DNIC acts specifically on spinal and trigeminal widedynamic-range (WDR) neurons. DNIC can be activated by stimuli that are not painful, as in the case described (in which the greater occipital nerve was massaged); however, the extent of its inhibitory effect depends on the intensity of the initial stimulus. This could explain why DNIC is more effective at inhibiting secondary (inflammatory) pain than primary (neurogenic) pain 11 . Recent studies have shown that pain modulatory systems subserving DNIC are impaired in both migraine and chronic tension-type headache 12 , as well as in other pain situations such as fibromyalgia 13 .
The patient in this study also presented with pain in the right molar region, which was aggravated when her teeth were subjected to mild compression (mechanical static allodynia). These findings, together with the presence of primary stabbing headache, characterize cortical sensitization.
Self-administered pain-relieving maneuvers in migraine such as massage over different regions of the skin produce scarce results in a good or excellent pain control. Moreover, the efficacy of maneuvers is often momentary, wearing off when the manoueuvre stopped. In spite of this, 46% of the subjects used the maneuvers constantly, at each attack. however, that study the massage over the GoN is limited to few patients to make some conclusions 14 .
In conclusion, showed a case suggestive of inhibitory trigemino-cervical convergence mechanisms during a migraine without aura attacks. The initial stimulus originated in the greater occipital nerve following light massage. The inhibitory mechanisms (DNIC) only come into operation after cortical sensitization (the presence of stabbing headache and static mechanical allodynia) and are only able to reduce the intensity of the pain. The duration of this improvement is directly proportional to the duration and intensity of the stimulus over the greater occipital nerve.
